This study aimed to investigate the population-based incidence rate of ankle fracture and associated risk factors in China. All the data on ankle fractures were available from the China National Fracture Survey (CNFS) conducted between January and May in 2015. All eligible household members were sampled from 8 provinces, 24 urban cities and 24 rural counties in China, using stratified random sampling and the probability proportional to size method. Questionnaires were sent to every participant for data collection and quality control was accomplished by our quality control team members. A total of 512187 valid questionnaires were collected and relevant data were abstracted and analyzed. One hundred and ninety patients sustained 193 ankle fractures in 2014, indicating the incidence rate was 37.1 (95% CI, 31.8-42.4)/100,000 person-year. Alcohol consumption, living alone and average sleep time <7 h/d were identified as independent risk factors for ankle fracture in both males and females. Previous history of fracture was identified as significant risk factor of ankle fracture in females but not in males. Therefore, specific public health policies focusing on decreasing alcohol consumption and encouraging individuals to obtain sufficient sleep should be implemented. Individuals living alone should focus more on healthcare, especially in those with previous fracture.
Methods
The work has been reported in line with the STROCSS (Strengthening the Reporting of Cohort Studies in Surgery) guidelines.
Sampling method. The entire sampling process of CNFS was completed with combined use of optimum allocation and random stratified and probability proportionate to size (PPS) sampling method. During the first phase, 8 provinces (municipalities) were selected from 31 provinces (municipalities or autonomous regions) in mainland China based on geographical location, socioeconomic development, climate and population size, using stratified random sampling method. And within each targeted province (municipalities), sampling was done separately in urban and rural areas.
For urban areas, using the optimum allocation and random stratified and probability proportional to size method we selected a certain number of streets ranging from one to six in each sampled city, and a range from one to ten neighborhood communities from each chosen street, based on the geographical location from west to east on the electronic map. The total number of families in each neighborhood community was determined by the average number of household members according to the latest official census data. All members of eligible families to be invited to participate in this study must live in their current residence for at least 6 months.
For rural areas, we sampled 1-5 counties in each selected province and then in each county, 1-8 towns were selected. In each town, 1-14 administrative villages were sampled. The sampling process was completed using the probability proportional to size method. In each village, households were calculated and selected based on probability proportional to size principles. All members of eligible families to be invited to participate in this study must live in their current residence for at least 6 months.
Participants and survey. In principle, eligible household members must be personally interviewed by trained research team members. However, for preschool and primary school children, their information should be provided by their guardians in order for data accuracy. For participants who remained non-contactable after repeated visits, telephone surveys had to be used. For selected household members who refused to participate, an alternative household was randomly selected from the candidate list.
A standardized questionnaire was administered by trained research team member for data collection. The detailed information included age, sex, Chinese ethnic origins, marital status, residence, occupation, lifestyles (smoking, alcohol drinking, tea, coffee, carbonate beverages and daily consumption of meat, protein product, dairy products) for all participants, and age of menopause and the number of births only for women. Individuals who had ankle fractures between Jan 1 and Dec 31 2014, then must answer a more detailed accessory questionnaire regarding the fracture occurrence date and place, fracture site (uni, bi or malleolar), and injury mechanism. In addition, they were asked to provide medical records of their fractures, including radiographs, diagnostic reports, and medical reports. And if these data were not available, the survey team paid to obtain a new radiograph of their reported injured ankle joint at a local hospital.
Eight quality control teams were established (one for each province) to check for the quality of collected data. The CNFS was approved by the Institutional Review Board of the Third Hospital of Hebei Medical University, and written informed consent was obtained from all participants before data collection.
Definition of variables of interest. Individual was divided into Han ethnicity and others combined.
Body mass index (BMI) was calculated as weight divided by the square of height, and was subgrouped based the reference criteria suited to Chinese people: underweight, <18.5; normal, 18.5-23.9; overweight, 24-27.9; obesity, >=28 8, 9 . Daily diet and drinking including meat and products, bean products, milk and dairy products, coffee, tea and carbonate beverages was divided into 5 groups based on frequency of consumption: never, always (at least 1 serving per day), often (1/day-1/week), occasionally (1/week-1/month) and seldom (<1/month). Calcium or Vitamin D supplementation was defined as positive if participants acknowledged they received Calcium or Vitamin D or both at least 1 month before the ankle fracture occurrence or during the through 2014. Urbanization was divided into 2 groups: 1, rural area and 2, urban area.
Statistical analysis.
Incidence rates for ankle fractures were estimated for the overall populations and for subgroups such as age, regions, ethnic origins, occupation, education and et al., stratified by gender. For unordered categorical variables such as occupation, regions, and ethnic origins, the Chi-square test was used to test the differences. For ordered categorical variables such as age and education level, we entered the related data as a continuous variable into a univariate logistic regression model to test the trend difference.
Case group were defined as adult patients (>=15 years) with ankle fractures in 2014, and control group was defined as adult individuals without fractures of any site in 2014. Univariate Chi-square test was used to investigate the potential correlation between ankle fracture and various potential risk factors. Finally, 2 separate multiple logistic regression models were conducted to explore the independent risk factors for ankle fractures among male and female adults. P < 0.05 was set as the statistical significance level. Odd ratio (OR) values and corresponding 95% confidence interval (95% CI) were used to indicate the correlation magnitude between ankle fracture and risk factors. The Hosmer-Lemeshow test was used to examine goodness-of-fit of the final model and a p value > 0.05 indicated an acceptable fitness. SPSS 19.0 was used to perform all the analyses (SPSS Inc.,Chicago, Illinois, USA). 
Results
The CNFS was conducted in January to May in 2015. A total of 512187 valid questionnaires were collected and relevant data were abstracted and analyzed. Through the year of 2014, 1763 patients sustained traumatic fractures (1833 fractures). Of them, there were 190 patients with 193 ankle fractures, indicating that the incidence rate of traumatic ankle fracture in China was 37.1 (95% CI, 31.8-42.4) per 100,000 person-year (Table 1) .
There were 94 female and 96 male patients, and their average age was 46.7 years (standard deviation, 17.6; range, 4-87). Slip, trip or fall was the most common cause for ankle factures, and resulted in 76.8% (146/190) of the overall injuries, followed by traffic accidents (22, 11 .6%), fall from height (12, 6.3%), crushing injuries (9, 4.7%) and blunt force trauma (1, 0.5%) ( Table 2 ). Home and the road (72.1%, 137/190) were the most common places where ankle fractures occurred (Table 3) . Table 1 presented the population-based incidence rates of ankle fractures by individual characteristics and regions, for overall population, males and females. There was no significant difference between those of Han ethnicity and all other ethnicities combined, nor was there any significant difference according to geographical region, urbanization or education, either for overall population or any gender (Table 1) . Stratified by occupation, students had the highest incidence rate either in males or females and that was 62.1 and 90.9/100,000 person-year, respectively. The difference of incidence rate in females and overall populations approach to significance (P < 0.001; P < 0.001), but was non-significant in males (P = 0.157). Stratified by age, males of 80+ years and females of 65-79 years had the highest incidence rate of ankle fractures (75.2 and 67.0 per 100,000 person-year), and the difference among respective subgroup was statistically significant (P < 0.001) Table 1 . National Incidence of ankle fractures among Chinese population by demographic, socio-economic and geographic factors in 2014. Table 4 presented the detailed results of univariate analysis using Chi-square test for adults. For males, Han ethnic origin, cigarette smoking, alcohol consumption, living alone, average sleep time <7 h/d and previous history of fracture were significant risk factors for ankle fractures; and living house facing the sun was identified to be a protective factor. For females, age, Han ethnic origin, occupation, alcohol consumption, living alone, average sleep time <7 h/d, previous history of fracture, earlier age of menopause and more births were identified to have significant effect on the occurrence of ankle fractures. Table 5 In the final multivariate logistic regression model, the Hosmer-Lemeshow test demonstrated the adequate fitness either for males (X 2 = 1.510, P = 0.680) or females (X 2 = 8.006, P = 0.433).
Discussion
In the present study, data from CNFS database of traumatic fractures in China showed incidence rate of ankle fracture was 37.1/100,000 person-year in 2014. Results also showed 76.8% of ankle fractures were caused by slip, trip or fall, and 72.1% of all ankle fractures occurred at home and on the road around. In adults, alcohol consumption, living alone and average sleep time <7 h/d significantly increased the risk of ankle fractures, either in males or females. Females with previous history of fracture of any site had the 3.68-time increased risk of ankle fractures (P < 0.001), but for males the significance did not approach to statistical level (P = 0.074). So far as known, this is currently the most comprehensive and detailed epidemiologic survey based on questionnaires, for investigation of the population-based incidence of ankle fractures and associated risk factors. In 2017, data on traumatic fractures of the trunk, arms, or legs (not including the skull, sternum, and ribs) that had occurred in 2014 were published 8 . In that study 8 , we reported the national population-based incidence rates of fractures, based on sites, age, sex and others (ethnic origin, occupation, geographical region, and residency category) and identified some risk factors for the overall fractures based on age groups (<15, 15-64, and ≥65 years). In the current study, we only focused on ankle fractures and reported their population-based incidence, injury mechanism, place of fracture occurrence and identified some associated risk factors, which was of more pertinence in knowledge and prevention of these injuries.
Compared to the previous reports, the incidence rate of ankle fractures was considerably lower in this study. The highest incidence rate was reported by Daly et al. 4 , who used an estimated population size and reported the incidence rate of ankle fractures was 187/100,000/persen-year during 1979-1981 in Rochester, Minnesota. Elose et al. 2 reported the incidence of 168.7/100000/person-year, with data from 9767 ankle fracture patients of all age in a Denmark university hospital. Court-Brown et al. 10 reported an overall incidence of 100.8/100000/year in 2000 and 13.7/100000/year in 2014 In Edinburgh, wherein all patients were above 15 years. Thur et al. 11 reported 6 conducted a prospective population-based study of 212 cases of ankle fractures in a population about 200,000 in Aalborg, Denmark, and reported the overall incidence of 107 per 100,000 person-years. However, in their study, all the ankle fracture patients were admitted in the emergency department 6 . The great variation in incidence rate of ankle fracture reported in literature may be due to the differences in geographic locations or lifestyles differences, time periods, population sizes and the exclusion of certain patients. In contrast, the present study was conducted with a more accurate population size and all fracture cases were initially confirmed by patients' self-reports and further confirmed by medical data. Therefore, it should make more sense on estimation of overall ankle fractures in China.
It is accepted that the most common mechanism causing ankle fractures was low-energy trauma 2, [10] [11] [12] . In this study, we found the similar result that over three quarters of ankle fractures were caused by slip, trip or fall 11 et al. suggested fall from height (10%) was the second most common injury mechanism leading to ankle fractures, which was different from our result (traffic injuries, 11.6%). Primarily, the difference was due to the different life and recreation styles among different regions and countries. In addition, we found 72.1% of all ankle fractures occurred at home and on the road around. Therefore, primary prevention including home prevention remains the major task for reduction of ankle fractures, especially for elderly individuals.
In the present study, alcohol consumption, living alone and sleeping time less than 7 h per day was identified as independent risk factor for ankle fractures for adults, either for males or females. Alcohol consumption as a recognized risk factor for traumatic fracture had been identified in the literature 12, 13 . It was reported that consuming more than 8 units of alcohol for men or more than 6 units for women in the past week significantly increased the risk of fractures in individuals aged 55 years and older 12, 13 . And the underlying mechanism might be metabolic effects and alcohol-related falls 13 . Stone et al.
14 reported that women who slept for 5 h or less or 5-7 h had the higher risk of frequent falls, compared to those with adequate sleep (7-8 h/d). And Holmberg et al. 15 got the similar finding in males that sleep disturbances contributed to the increased risk in most fractures of bone sites, including ankle fracture. Lazkani and his colleagues 16 identified living alone as an independent risk factor for recurrent falls in elderly individuals, and this finding was also observed in other studies [17] [18] [19] . In addition, living alone had been identified to be associated with depressive symptoms 20 , self-neglect 21 , and physical inactivity 22 , all of which could exert negative effects on the ankle fractures. Therefore, education on healthy lifestyles should be advocated and for individuals living alone, and anti-fall measures should be taken especially at their home and if necessary, mental consolation could be implemented.
In the present study, previous history of fracture was identified as an independent risk factor for females and increased 3.68-time risk of ankle fracture, and marginally significant for males (P = 0.074). Similarly as ours, Holmberg and colleagues 15 reported that previous low-energy fractures strongly increased the risk of subsequent fracture in middle-aged women, but not in men. However, another study by Klotzbuecher et al. 23 showed that elderly patients either males or females with prior fracture had increased risk of subsequent fracture. Gunnes et al. 24 conducted a questionnaire study of 29,802 postmenopausal women and found that patients with prior fractures had the increased risk of ankle fractures by 1.6-time. Therefore, we suggested the history of previous could have negative effects on both males and females; and compared to males, females were more likely to be influenced at some certain fractures, such as ankle fracture. It was notable that, this conclusion was drawn in the context of limited cases of ankle fractures and should be treated cautiously, and required further studies to confirm.
Although being the largest questionnaire survey currently, this study had some potential limitations. Firstly, the retrospective nature of this study had its intrinsic weakness in accuracy of data collection. Secondly, the results of patients' self-report on fracture occurrence and individual life styles might be affected more or less. For example, the specificity of detection fracture cases using patients' self-report and further confirmation by medical data could be up to 100%, but the sensitivity might be not so high, because in some patients they choose to evade injuries for individual reason. Thirdly, there might be some selection bias, as we could not capture data about traumatic ankle fracture or concurrent visceral injury in which the individual had died. Therefore overall, the incidence rate of traumatic ankle fracture was underestimated.
In summary, the current study provided detailed information about the national population-based incidence, characteristics and related risk factors of ankle fractures, which should be of great importance in national healthcare planning and individual health consultation. Specific public health policies focusing on decreasing alcohol consumption and encouraging individuals to obtain sufficient sleep should be implemented. Individuals living alone should focus on more on healthcare, active exercises and maintaining good mental status, especially in those with history of previous fracture. Table 5 . Results of multivariate logistic regression analysis of risk factors for ankle fractures.
